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Box No. I TITLE OF LNVENTION 

METHOD OF DETECTION 



Box No. 11 APPLICANT 



Name and address: (Famihnamefolhwedby given name: for a lesalennp,\ full ^ 

The address must include postal code and name of country. The country of the address indicated in ihts 

Box is the applicant's State (i.e. country) of residence if no State of residence is indicated below.) 

THE AUSTRALIAN NATIONAL UNIVERSITY 
Canberra, Australian Capital Territory, 0200, 
AUSTRALIA 



I I This person is also i 



mventor. 



Telephone No. 



Facsimile No. 



Telcprimcr No. 



State (i.e. country) of nationality: 

AUSTRALIA 



Slate (i.e. country) of residence: 

AUSTRALIA 



This person is applicant 
for the purposes of: 



j j all designated 



States 



mall designated States except 
the United States of America 



□ the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) LN\'ENTOR{S) 



Name and address: (Familx name folh\^ed b\ given name: for a legal entity, full official designation. 
Vie address must include postal code and name of country. The country; of the address indicated m this 
Box ts the applicant's State (i.e. country) of residence if no State of residence is indicated below.) 

BURCH, Will iam Martin 
39 Coopernook Avenue, 
Gymea Bay, New South Wales, 2227, 
AUSTRALIA 



This person is: 

I [ applicant only 

[ X I applicant and inventor 

□ inventor only (If this check-box 
is marked do net fill in below.) 



Slate (i.e. country) of nationality: 
AUSTRALIA 


Siaie (i.e. country) of residence; 

AUSTRALIA 


]^r1h^eTu°r^<;ie?o^r^"^ □ l^feT^"^^^^ \3 ^^S'l^^l [D iTrV^m";^^^^^^^ □ lll^e iL^pte^^^^^^^^^^ 


[Y\ Further applicants and/or (further) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE; 


OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf |y | aeent [ 1 common representative 
of the applicant(s) before the competent International Authorities as: LA_J - \ 1 


Name and address: (Familw name followed by given iym\e: for a legal entity, fitll official des 
The address must include postal code and name of country.) 


Telephone No. 

(02) 9207-0777 


SPRUSON & FERGUSON 
GPO Box 3898 




Facsimile No. 

(02) 9232-8555 


Sydney 

New South Wales 2001 
AUSTRALIA 




Teleprinter No. 

AA 23165 


1 1 Mark this check-box where no accni or common representative is/has been appomied and the space above is usca msicao to 

1 1 indicate a special address to which correspondence should be sent. 1 
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ation of Uox No. II! FL R I IIKR AIMMJCANTS AND/OR (FLR I HKU) INVF.N TORS 



Ifmnw aJ thcfnlloH iti}: sub-hoxes is uwd, //ii.v shvi t is nut to he includi d in the request. 



ni '?:/J m^^^^ /vuM/ .mJ /uimr c-ouM/n-. He counin- of the midrrzs mdiv.ilc^^^ m lim 

llux Tifu- appUcani s sJw U.e. i ountm ,>J rcMdence ij no btulc oj restdcm t' ts mdicawd h.hnv ) 

BROWITT, Rodney James 
59 Ashburton Circuit, 
Kaleen, Austral i an Capital Territory, 2617, 
AUSTRALIA 



This pcri>t)n is: 

I [ applicant only 

[ X [ jpplicant and inventor 

□ inventor only (If this check-box 
IS marked, do not fdl in below ) 



State (i.e. country) of nationality: 

AUSTRALIA 



State (i.e. country) of residence: 

AUSTRALIA 



This person is applicani 
for the purposes of: 



□ ail dcsicnatcd I 1 all designated States except 
Siaics " I I »hc United States of Amcnca 



mihc Uniicd Si3ic!i I 1 the States indicated in 
of Amcnca only | | the Supplemental Box 



Name and address: (Family name followed by gi^ en name: for a legal entity, full official designation 
The^dress must include postal cod'e and name of country. The country of the address indicated in this 
Box IS the applicant's State (i.e. country) of residence tf no State of residence is indicated below.) 

NAIR, Chenicheri Hariharan 
22 Flegg Crescent, 

Gordon, Australian Capital Territory, 2906, 
AUSTRALIA 



This person is: 

I I applicant only 

I I applicani and inventor 

□ inventor only (If this check-box 
IS marked, do not fill in below.) 



State (i.e. country) of residence: 

AUSTRALIA 



State (i.e. country) of nationality: 

AUSTRALIA 



N'ame and address: (Familx namefollo^^ ed by gtven name: for a le^al enttry. full official^ desisjiation. 
The address must include posiol code and name ot country, pie coun:r:^ oj the address tr^ica ea tn ihts 
Box is the applicants Sia:e frc. counin} of residence if no State of residence is mdicatea below.) 

SHATS, Elena Alexandria 
33 Pelham Close, 

Chapman, Australian Capital Territory, 2611, 
AUSTRALIA 



This person is: 

[ I applicant only 

[ y I applicani and inventor 

□ inventor only (// this check-box 
is marked, do not fill in below.) 



State (i.e. country) of residence: 

AUSTRALIA 



Siaie (i.e. country) of naiionaliiy: 

AUSTRALIA , . . ^. ^^^^^ 



Name and address: {Family name followed bv given name: for a legal enttry Jull official designanori. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (i.e. counin) of residence tf no State of residence is indicated below.) 



This person is: 

I I applicant only 

I I applicant and inventor 

rn mventor only ^'Z L^^^^'^^t^'J 
' ' is marked do not fill m below.) 



State (i.e. countn) of nationality: 



State (i.e. country) of residence: 



This person is applicani l 1 all designated | 1 all designated States cxccpi I I ilf^AVncrica only' O Ihe Supple menial Box 

for the purposes of: I I I I the Unncd States of Amenca | 1 of Amcnca oni> 



[ I Further applicants .indA>r (further) inventors are indicated on another continuation she 
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DrSK'.NATION OF STATES 



I he f(*llowing dcsii:n.uii)ns nrc hereby made under Rule 4.'J(a) (murk the itppttiahh- chccL hnics: at U-um tme muM he mtirkcd): 
Ki'j;inn:il Patent 

la AP ARIPO Pa(cnl: CH Ghana, KE Kenya. LS Losoiho. M\V Malawi, SD Sudan. SZ Swaziland. UG Uganda. 

ZW Zimbabwe, and any other Siaic which is a Coniraciinc Slate of the Harare Protocol and ot' the PCT 
B EA Eurasian Patent: AM Armenia. AZ Azerbaijan. BY Belarus. K(; Kyrcyzsian. KZ Kazaksian. MD Republic of 

Moldova. RU Russian Federation. TJ Tajikistan. TM Turkmenistan, and any other Siate which is a Contracting State 

of the Eurasian Patent Convention and of the PCT 

S EP European Patent: AT Austria. BE Belgium. CH and LI Switzerland and Liechtenstein. DE Germany. DK Denmark. 

ES Spain. FI Finland, FR France. GB United Kingdom. GR Greece. IE Ireland. IT Italy. LU Luxembourg. MC Monaco. 
NL Netherlands. PT Portugal. SE Sweden, and any other State which is a Contracting State of the European Patent 
Convention and of the PCT 

(3 OA OAPI Patent: BF Burkina Faso, BJ Benin. CF Central African Republic. CG Congo. CI Cote d hoire. CM Cameroon. 

GA Gabon. GN Guinea. ML Mali, MR Mauritania. NE Niger. SN Senegal. TD Chad. TG Togo, and any other State 
which is a member State of OAPI and a Contracting Slate of the PCT {if other kind of protection or treatment desired, specify 
on dotted line) , 

National Patent (if other kind of protection or treatment desired, specify on dotted line): 



□ 
E 
IZ) 
El 
B 

m 
m 

GD 
iZ) 

m 
m 

Q 
[xl 

m 
m 
m 

[El 

H 

IKI 

E 
El 
0 
El 
E 
0 
E 
0 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BG Bulgaria 

BR Brazil 

BY Belarus 

CA Canada 

CH and LI Switzerland and Liechtenstein 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 

ES Spain 

FI Finland 

GB United Kingdom 

GE Georgia 

GH Ghana 

HU Hungary 

IL Israel 

IS Iceland 

JP Japan 

KJE Kenya 

KG Kyrgyzsian 

KP Democratic People's Republic of Korea 



KR Republic of Korea 

KZ Kazakstan 

Saint Lucia 
Sri Lanka 
Liberia 

Lesotho 

Lithuania 

Luxembourg 



LC 
LK 
LR 
LS 
LT 
LU 
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Q 

H 
[3 
El 
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B 
(3 

B 
B 



LV Latvia 

MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 

MN Mongolia 

MW Malawi 

MX Mexico 

.NO Norway 

NZ New Zealand 

PL Poland 

PT Ponucal 

RO Romania 

RU Russian Federation 

SD Sudan 

SE Sweden 

SG Singapore 

SI Slovenia 

SK Slovakia 

SL Sierra Leone 

TJ Tajikistan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda 

US United Slates of America 



UZ 
VN 
YU 



Uzbekistan 
Viet Nam . 
YuEOslavia 



ZW Zimbabwe 

Check-boxes reserved for designating States (for the purooses of 
a national patent) which have become party to the PCT after 
issuance of this sheet: ' 

□ 

□ 

□ 

□ ; 

□ 



In addition to the designations made above, the applicant also makes under Rule 4.9(b) all designations which would be permitted 

ijnder the PCT except the dcsignaiion(s) of [ • 

Jhe applicant declares that those additional designations are subject to confirmation and that any designation which is not confirmed 
before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the applicant at the expiration of that time 
'■mit. (Cnnfirmatum **f a dcxii^nuitttn cnnM.MS *>/ the Jiltnti nf a nntue specifytn}' thai dexiynuintn antt the paymrni n/ the (ieMi:nttiii'n and canftrtnttlittn 
C*'^J'ifmuttnn must reach the reteivini; OjJ'tce nii/un the J5-mnnih ttme Itmit.) 

f'orm PCT/RO/IOI (second sheet) (July 19V7) 
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Box No. VI PRIORITY CLAIM 



Piirthcr priority cI.uitis arc inJicatcd in ihc Supptcrnciuji (i«>x \ | 



The priority ot ihc following earlier applic3tion( si is hereby claimed 



Coumry 
(in which, or for which the 
application was ft ted) 



Filing Dale 
( J a v/m t) n t h/\ ear } 



Application No. 



Otfice otTiIine 
tontv fnr regional or 
international applicattuni 



item (1) 
AU 



item (2) 



24 July 1996 
(24/07/96) 



P01217 



iiem (3) 



Mark the foltawinii check-box if the certified copy of the earlier appiicmion ts tn be issued by the Ojjke which for the purposes oj the present internatumul 
application is the receivinit Office (a fee may be required): 

The receiving Office is hereby requested lo prepare and transmit to ihe International ^ ^ j 



Bureau a certified copy of the' earlier applicationts) identified above as itemi s) : 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) (If two or more International Searching Authorities 

tonal search, indicate the Authority chosen: the two-letter code may be used): lo/V /- 



are competent to carry out the iniernationa< 
Earlier search Fill in where a search (international, international-npe or other) b\' the International Searching Authorirv has already been carried 
out or requested and the Authoritv is now requested to base the international search, to the extent possible, on the results of that earlier search. Identify 
such search or request either by reference to the relevant application (or the translation thereof) or by reference to the search request. 
Country (or regional Office): 



Date (day /month/year): 



Number: 



Box No. VIII CHECK LIST 



This international application contains 
the following number of sheets: 

4 . sheets 



1 . request 

2. description 

3. claims 

4. abstract 

5. drawings 



-2^ ^sheets 

2 sheets 
1 sheets 
: 1 1 sheets 



Total : i^^A^ sheets 



This international application is accompanied by the itemCs) marked below: 
1. 



□ 
= □ 
^ □ 
^ □ 



separate signed 
power of attorney 


5- 




fee calculation sheet 


copy of general 
power of attorney 


6. 


□ 


separate indications concerning 
deposited microorganisms 


statement explaining 
lack of signature 


7. 


□ 


nucleotide and/or amino acid 
sequence listing (diskette) 


priority document(s) 
identified in Box No, VI 
as itemis): 


8. 


□ 


other (specify): 



Fieure No. 



of the drawings (if any) should accompany the abstract when it is published. 



Box No. IX SIGNAT URE OF APPLICANT OR AGENT 

.Vfii in each signature, indicate the name of the person signing and the capacin in which the person ji.vnj (if such capacity is nut abvinus from reading the request). 





Registered Patent Attorney 
SPRUSON & FERGUSON 



I. Date of actual receipt of the purported 
international application: 


2 k JUL 1997 


2. Drawings: 
received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 


4. Date of timely receipt of the required 
corrections under PCT Article I 1(2); 


\ 1 not received: 


5. International Searching Authority , 
specified by the applicant: I*J^ ' 


6. 1 1 Transmittal of search copy delayed 

1 1 until search fee is paid 





Date of receipt of the record copy 
by the International Bureau: 



For International Bureau use only 
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Mcllitxl (if Di'UiiitHi 



IVi*linic*;il I'it ld 

The pivsLMit invciilion relates to i\ inelhod for labelling niacromoleciiles with a 
delectable !narker u liich is encompassed in a layer t>t* carbon. In particular, it relates to a 
niediod t\>r labelling biological nuicroniolecules with such a marker. More particularly, it 
relates to a method for labelling proteins /// vivit with this marker. 

Still more particularly, it relates to a metiiod tor detecting fibrin clots using 

radionuclides contained inside a cartoon cage, and more particularly, where the radiolabei 
99m 

is Tc encapsulated inside the carbon in the lorm of a nano-encapsulate. 

Bncki^roitiul Art 

Currently available methods of labelling niacroniolecides, and in particular 
bioloiiical macromolecules may be influenced by the chemistry of the detectable 
marker with which it is desired to label the macroniolecule. Ideally, the marker 
should have no influence on the macromolecule to be labelled. However, 
subsidiary effects caused by the chemistry of the marker and a macromolecule 
being labelled may cause arlifactual results. 

An application where it is extremely important to gain accurate and specific 
labelling is the area of clot detection in pathological states such as deep venous 
thrombosis, thrombophlebitis, and lesions in the vasculature. Morbidity and 
mortality caused by intravenous clots is a major public health issue throughout the 
world. There are several methods of tietecting such intravenous clots. For 
example, use is commonly made of two imaging agents which have similar 
capabilities for identifying such clots. Fibrinogen labelled with has been found 
to be nonspecific aiul cajiable of giving false positive results. The second such 
radiopharmaceutical is a labelled 3B6 monoclonal antibody. 

Technegas is the subject of a patent whose original purpose was to perform 
high quality diagnostic imaging of airways of the lungs for blood clots. This was 
primarily used in conjunction with a blotnl How agent for the dilTerential diagnosis 
of blood clots. It is in essence a coating t)f layers of carbon (varying between two 
and ten atoms in thickness) completely enclosing a minute crystal of ^^*"Tc metal, 
such that it creates a stable inert hydrophobic particle whose overall dimension is 



^CT/Au 97/00467 



htMwccn 5 aiul .'^Diiiu in c ross soclioii :iiul :il>i>iii ."^nm lliK k. The procliidion process 
L iVMlos inilliDus ol iIk'sc p;trlick-s suspciuk'il in ;i c;n rior yas of iii iion. In tliis Ini in 
they may be inhaled clireelly and heeonie tiepcvsiteci in the alveolar spaces of the 
luni!. From ihis tlistrii>ntion, can he crealeil three-dimensional maps ihe airways 
via ihe iiamma ray siynal yeneraled by the decay ol" ihe Tc from the excitetl to the 
gronnd state ('*"*Tc — > '*Tc). 

The pixssihilily of usinii the particles in lic|ni(l suspension as a " nanocolloid'' 
siiilalile for bioloLjical and iiuiuslrial applications has l^een investigated. A critical 
phase t)!* that work was to llnd die best nieihod of extracting the particles from the 
argon gas directly into a physiological si)lutii>n such as saline. 

Disclosui'i' nl llu* liivcMilinn 

It lias been surprisingly found that nano-encapsiilate entities comprising carbon, 
panicuiarly llmse of smaller dimensions, l^ind \o macromolecules such as fibrin and 
soluble fibrin. To i\n thai, in vivo, the nano-encapsulaie entities comprising carbon are 
prepared in an aqueous injectable solutii>n (typically saline or water) and -injected 
intravenously. In vitro the nano-encapsulaie entities may be formulated with a suitable 
carrier and added to a composition containing the macromolecules. 

The present invention is based on the ability of carbon nano-phase in the form of 
nano-encapsulaie entities comprising carbon, to bind to macromolecules and 
simultaneously lo be able to enclose a delectable marker. This effectively quarantines the 
marker from its surrounding environment. The entities are thought to be in the form of 
layers which in turn form particles. 

These entities or particles are distinguished from the standard "FuUerene" derivative 
panicle in liiai they may contain multiple layers of graphitic carbon; and their method of 
formation is different. Futlerenes are predominantly produced by a carbon arc process at 
low pressure, and the residue from the reaction is chemically and physically sorted into 
separate components for analysis or further processing. The sul'iject nano-encapsulate 
particles are formed by a resistive ov otherwise controlled thermal graphite healing 
process. 1'he c(»-condensation reaction in which the macromolecules are formed seems to 
occm* in the boundary region of a stable ihcrmal plasma that has been termed a "thermo- 
pause". Time, temperature and pressure conditions tor the "thermopause" determine the 
si/.e o\ the nali\c metal crystal and tiic numlxr of grapiiitic layers which surroimd it. 
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Acct^rilini: lo owe cinlnuli iU(.-iii ni ihi.s iiiwrniiMi \\wvc is pro\'itk'il ;» rc;ii:cnl lor use in 
lahcHinii ;i in;icronu»lc\ iik\ coinpi isiuL*. ;i ik'U'L i;il>k* nuirkcr cnc;ipsul;itc(i by a iiano- 
cncapsiilalc cniily ci»niprisinLi carln>ii. ( itMK-rally ihc ivayent is capable of binding to ihc 
niacrDnuilcculc. 

The reagent lor use in labelling niacromolecules, may comprise a tieleclable marker 
containetl in shrink wrapped grapliile around said marker. Typically a composition is 
provided comprising liie reagent and a suitable carrier, di-luenl, excipient and/or adjuvant. 

According to a second emlMKlimeni of this inxention tliere is provided a method for 
labelling a macromolecule with a detectable marker, which method comprises coniaciing 
said macromolecule wMth the reagent t>r the first embiuliment whereby the reagent binds to 
the macromolecule to form a reagent:macromolecule ci>mplex. 

The method for labelling a macromi»lecule with a detectable marker, may comprise 
contacting said macromolecule with a delectable marker which has been shrink w^-apped 
in graphite surrt)unding said marker. 

The method of the second embodiment may further comprise delecting the reagent 
macromolecule ctimplex by detecting the detectable marker. 

Accorchng to a third embodiment of this invention there is provided a method for 
labelling a biological macromolecule in a patient, which method comprises administering 
to the patient, an effective amount of the reagent of the first embodiment. 

The method for labelling a bit>logical macromolecule in a patient, may comprise 
administering to the patient, an effective amount of a composition comprising a detectable 
marker, inside shrink wraj^ped graphite surrounding said marker. 

Suitably, the reagent is administered in the form of an injectable composition 
containing a suitable carrier (e.g. saline, typically O.IN - 2.5N saline, more typically 
O.fiN - 2N saline, and more typically ().8-1.2N saline and more typically about IN 
saline). Typically the composition contains less than lOOng of delectable marker in the 
carbon. 

The macromolecule to be labelled may be any macromolecule amenable to such 
labelling with carbon. Typically, such a macromolecule would be a biological 
macromolecule in an /'// vivo or in sira selling. A speciHc example ot such a 
macromolecule is a protein, of which a specific example is fibrin. 

The delectable marker may be detectable by radiochemical techniques such as a 
radionuclide, by maunelic restmance imauinu or bv visual methods. 'I'he detectable marker 
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iiKiv he pluirin;uL'inK;i!!v or vel(. i inanly acw plahk* or otherwise (c.i:. lahoralory or 
anaivlieally aeeejMal^le) ik'ivndini.' on tlie inieiuk'<l use of llie reayenl. 

Ciencrally, radioniieiitles which are iradiiitMially used in imaging techniques arc 
suiialMe for use in diis inveniion, l-xamples ol' suitable rachonuclides arc ' * * In widi a 

half-lite ot' 2.S days. ^^^(ia. ^'^(ia, '^'^'^^ IV. A prelerred rachonuelide radionuclide is 

99nK,, 
I e. 

An e\atn^^le of a deteelable marker suitably Tor use in magnetic resonance imaging 
techniques is (iti. 

Examples of markers deteelable by visual techniques are colloidal compounds which 
exhibit a distinctive coloin*. An example is colloidal gold. 

The detectable marker is prcterably in ilie lorm ol' or enclosed in a nano-encapsidate 
carbon entity or particle. In particular, it should be of a thickness such thai the chemistry 
of the detectable marker is no\ manifested in the environment outside of the nano- 
encapsulate comprising carbon. Preferably, the carbon is 2 to 10 layers lliick. 

According to another embodiment o\ this invention there is provided a method of 
formiuii reagent tor use in lal-^elling a macn>molecule, comprising a detectable marker 
encapsulated by a nano-encapsulaie entity ct>miirising carbon comprising the steps ot: 

(a) depositing a solid t'orm of the tietectable marker onto a carbon crucible; and 

(b) heating the carbon crucible in a sealed container to a temperature in a range so as to 
form the reagent for use in labelling a macromolecide. comjirising a detectable marker 
encapsulated by a nantvencapsulaie entity comprising carbon, said reagent being capable 
of binding to the macromoleculc. 

Generallv the method further comprises precipitating the reagent. 

Accortling to another embiulimeiU ot" this invention there is provided a method of 
forming reagent lor use m labelling a macromi>lecule, comprising a detectable marker 
encapsulated by a naiu>-cncapsulate entity comprising carbon comprising the steps ot: 
dei^ositing a liciuid solution of a detectable marker onto a carbon crucible; 
evaporatim: the liqmd so a solid residue of the detectable marker rennains in the crucible; 
and 

heating the carbon crucible in ;i sealed container ti> a temperature in a range .so as to form 
the reai:eni lor use in labelling ;i m;icromolecide, comprising a detectable marker 
encapsulated In- a iKun^-encaj-tsulate entity comprising carlMMi, said reagent being capable 
of binding to the maciomolectile. 

Ciener;dl\* the mctiioil turiher com|>riscs precipitating the reagent. 




rc 
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WIk'iv the (k'Uvlithk- hihcl is 



IV itk' liciiitd stilurtiMi ol" k\'li!K'liuin is a liciniii siiliilion 



of siHlimn |vri(.'ciiiK*l;nL*. 

The invention inel titles reagents ulien uKule hy the ;iii(>vc pi'oeesses. 

(ienef;illy the erueihie is heated to a lemperaline in the range 2250 - 2000 X' more 
lypieally 247()-20()()' C. more tyi)ieally about 270(V(:. Typieally the erueihie is pulse 
heated at Uom O.I - 5 sees, more typieally 1 - 3 seeonds, more typically 2.7 sees. 
Typically the carhon crucible is a graphite crucible, more typically a pure graphite 
cruciiile, Tlie graphite may be pyiolitic graphite or porous standard graphite, fov example. 
Pyrolitic graphite is preferred. Cienerally the graphite crucible is heated in the presence of 
a substantially pui*e inert gas atmosj'^here witiiin the sealed container. Typically the inert 
gas is argt)n. The crucible may be heated in the presence of oxygen within the .sealed 
container. Typically tlie oxygen Ciinceniration with the sealed chamber is 5% or less, 

more typically 3% v/v or less and the remainder of the gaseous atmosphere is an inert gas 

99m 

such as argon, typically j^ure argofi. Wiierc liie detectable label is Fc the solid lorm 

of technetium is tyi:)ically sodium pertechneiate. 

Suitable methods for preparing delectable markers such as radionuchdes, 

encapsidaied in a nano-encapsulate entity comjirising carbon are generally described in 

Australian Patent No. ?89 57S (incorporated iierein by cross reference). However, unhke 

heating the graphite crucible containing sodium periechnetate to any temperature above at 

least 1900 or 22()()"C imder an inert ainmsphere so as to produce Technegas as described 

in Australian Patent No. ."^SO 57S (traces of oxygen of 0.1-3% v/v may be included to 

produce varying concentrations of Pcrtcchnegas) ii is important t(^ only heat the graphite 

crucible to a tempcraiure in the range 22^0 - 300(rC, more typically 247.5 - 2950°C, 

more typically 2470 - 2''^00 (\ and e\'cn more typically about 27()()''C. Generally pulse 

heating (0.5 -3 sees) used, in order lo produce nano-encapsulates comprising carbon 

that will bind to a macrt»moleculc such as. for example, t'ibrin. Heating the graphite 

crucible to a tempcraiure uithin a different temperature range may be required tor binding 

of the residtani nano-encapsuiate \o a different macromolecule but this temperature r^^nge 

can be readily determined i\v simple trial and error. In additic^n, any delectable marker 

99 m 

that can be incorporated under the conditions of preparation can be substituted tor Tc 
described in All 5S9 S7S. Alternatively, a detectable marker fiiay be left out and the 
nano-cncapsidatc comprising carbon thus produced is then precipitated (using an 
electn^static precii')ilalor of i lie tyjic describctl in All 3 1 77S/95 (incorporated herein by 
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cross ivfciviux'). lor cxaniplo. aiu! iIk* ivsiiIkmii pivcipiuitc is \hcn lonnuhiloil with a 
(Icsiivil carrier, or adjuvani, for example al a dcsirct! concentration (uhici) will he 
dcpcntlenl on the end use). 

The electrostatic precipitator may include a housing tleftning a duct through which a 
gas containing carhon particles passes, the iluct having an inlet and an outlet; an ion 
source past which ilie yas jiasscs to charge the particles; an electrode between the inlet and 
the outlet ami spaced downstream from the ion source; means to establish .an electric 
polentini hetueen the ion somce ;ind the electrode; and wherein the electrode is coated 
with a soluble material to which the particles are attracted so as to become deposited 
thereon. An electrode Tor the electrostatic precipitator, may include a coating of a soluble 
material upon wiiich liie particles are depositeil by lieing attracted theret(V An alternative 
electrostatic precipitator to collect particles I'rom a gas stream, may includea duct through 
whici) the gas passes between an inlet and an t>utlet; an ion souice between the inlet and 
the outlet and past which the gas passes to have the particles charged; a reservoir 
containing a liquid past which the gas passes; and means to establish an electric potential 
between the ion source and the reservoir so that particles are attracted to the liquid. 
Another alternative electrostatic precipitator, may include a housing defining a duct 
through which a gas containing carbon particles passes, the duct having an inlet and an 
outlet; an ion st>urce projecting into the duct and located between the inlet and the outlet; 
a wall surrounding al least pan of the duel between the inlet and the outlet; means in the 
duct to receive a liquid; means \o enable the establishment of an electric p(Mential between 
the ion source and the liquid; means to cause the liquid to produce droplets to be 
dispersed in the duct; and wherein upon the application of the electric potential, the 
droplets and particles are attracted to the wall. A method of collecting nano-encapsulate 
entiiies/|^articles comprising carbon mav include the steps of passing a gas stream 
containing the entilies/parlicles, thrinigh a chamber, the gas stream including an inert gas 
and air; passing the gas stream past an ion scMuxe within the chamber to charge the 
particles; attracting the particles to an electrode by establishing an electrical potential 
between the ion st>m*ce and the electrode. The entiles/particles are then removed from the 
electrode and formulated as required. 

The invention includes a reagent for use in labelling macromolecidcs. ccunprising a 
detectable marker cnciipstilated by a nano-enc;ipsul;ile entity comprising carbon when 
made by the above process. 
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In a paniciihtr applicalion o\ this iiivciiiion. \Uc ratliomicl idc is IV ciicapsiilaU'd 
in 2 lo 20 lawrs inoiv tvpicatlN 2 Id 10 layers til" carhini ami is used in dcUvlini: llio 
presence of a fil^rin clol in ihe suhjeel. 

Thus, according \o a lourili enilnulinient ol" lliis invention there is provided a method 
for delecting and deierniinini: the location of a lihrin clot in a i^atient, which nielhod 
cotnprises achninisterinii to the patient a pliarniaceulical composition ci^niprising a reagent 
of the first emlMniiment and a pharniacentically accejMable carrier and detecting any 
reageant:ril'»rin coni]ilex rornied in \'ivo in the patient. 

The method lor detecting and determining the location of a fibrin clol in a patient, 
may comprise administering to the patient a composition comprising a detectable inarker 
contained in shrink w laj^ped graphite aronnd said marker in a suitable mediinn. 

It has been romul that addition oT a trace of surfactant coating to the particles 
enhances their bintling efficiency by up to 10 times. Suitably, the surfactant is Ci^EO^. 
The concentraiii^n o\ this surfactant which enhances the binding efficiency is suitably 
between 0.001% and 0.010% v/v more typically, 0.003% and 0.006% v/v. A further 
surfactant which is suitable is cyclodexirin. 

Thus, according to a fifth embodiment of this invention, there is provided a method 
for detecting the presence of fibrin in a composition, which method comprises contacting 
the composition with a reagent of the first embodiment and determining whether any 
fibrin: reagent com]')lex is present wherein presence of a tlbrin reagent com|')lex is 
indicative tiiat tibrin is j^reseni i!i the compositit^n and absence of fibrin: reagent complex 
is indicative that fibrin is not present in the compi)sition. 

The fiftlvemb(Hlimeni may include the step of separating any fibrin:reagent complex 
from the composition prior to detecting for its presence. 

The applicants have also \\n\\u\ that nano-encapsuiate entities comprising carbon by 
themselves, i.e. carbi>n nano-encapsulate particles by themselves (i.e. those which do not 
include via encapsulation another entity such as a detectable label), may bind to 
macromolecules (e.g. proteins such as fibrin). 

Thus, according to a sixth embodiment of this invention, ihere is provided a method 
for detecting the presence of a macromolecule in a source, which method compri.ses 
contacting the somve with a reagent for use in labelling macrc^molecules, comprising a 
delectable marker encapsidated by a nano-encapsulate entity comprising carbon, the 
reagent being cajiable of forming a complex with the macromolecule if present, and 
detecting lor iIk- presence t>r oiherxvise lU' a macromolecule: reagent complex wherein 
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pivscncL' of ;i m;u'innuik\ uk*: i\ml'cii1 ciunpk-x is iiuliL";iUvo llial the inacroinokviMc is 
pivsciii in iIk* stuMVf ;invl ;ihsi.'iK\* itf nuu n nnokvuk': iv;ii!eMM conipk-x is intlic;nivc (li;tt ihc 
inaLT(iim>kviik' is iu>i present in the somvo. 

The U\\h ;inil sixlh enilKuliinenls of ihis invention m;»y he suitably enipU>yed in 
techniques sueh as dip-slick melhotls. lest strip nielhiuls, IZLiSA methods, ag^hitination 
tests usin*i huex suspensions, and the like. These nietliods may make use of antibodies 
bound to the carlM>n nano-pariicle. lor example. Alternatively, in the case of latex, dip- 
stick meliuHls and test strip metluuls a macromolecule bintliny molecule may be attached 
to the latex, dip stick or lest strip (or other suitable substrate e.g. beads such a glass 
beads). Thus when such a latex particle, dip stick or test .strip is dipped into or placed in 
contact with a ctnnposiiion et>ntainini: macromolecule:reageni complex it will bind the 
macronn)lecule portion of the complex (as well as any free macromolecides or other 
macronuilecule compk^xes in the composition). I'he latex particle, dip stick or test strip is 
then lypicaily uashed so as to remove any unattached components of the composition and 
whether and/or the amount of complex attached to the latex particle, dip .stick or test strip 
determined by detecting whether the detectable label is present (and, if so, the amount 
present if required) on the latex particle, dip stick or te.st strip. Typically the 
macromolecule binding molecule is an aniib(vly to the macromolecule (e.g. antifibrin in 
the case where the macromolecule is fibrin). 

The methods of the indention are not restricted to human patients. /\nimal 
experiments have proven tiiat this bimling to Fibrin occurs in deposits in Deep Vein 
Thrombosis, Pulmonary Emiiolism and malignant Disease (Skin Cancer). The methods of 
the invention can lie practised on mammals including a bovine, human, ovine, equine, 
caprine, leporine, feline or canine vertebrate. Most often the invention will be practised 
on a human patient. The coniposition would then be a pharmaceutical composition and 
the carrier, liilueni. excipient and/or adjuvant would be pharmaceulically acceptable. 
Where the mammal is not human', the composition would be typically a veterinary 
composition -and tlie carrier, diluent, excipient and/or adjuvant would be veterinarily 
acceptable. However, the metiuxls of the fifth and sixth embodiments of the invention 
may be performed either in vivo or in vitro (including a reaction in a suitable laboratory 
apparatus such as a test tube or beaker followed by separation of any complex formed and 
detection for the presence t)f complex). 

In this sjvcification and claim.s the expression "nano-encapsulale" implies that the 
nano-encapsulaic cntitv comprising earbon is ai least callable ol a encajvsulating or 
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cncUvsiii^. lypically lii!,lnlv (.-iKlusii^j ttr ciKM|)snl;iiii^j ;i (kMcclal^lc inarkLT l^y tiic carhon. 
An c\|)lan;t!ton lor "ciKapsnhiiitm" is iluil iIk* plKMioiiicnon may he the rcsiiM ol co- 
cciiKlcnsalion. Thai is, ihc ckMcctahiL' tnarkL-r crystals or liquid ch'oplcls or amorphous 
tloposils first form and then carhon condenses aronml that marker. The carhon forms a 
nano-encapsulale entity so as lt> encapsulate tlie marker to forni tlie reayeni of the first 
emho(hment. Where a marker (*r metal is not required to he encapsulated carhon is simply 
prepared so as to lorm a nant)-encapsulate entity comprising carhon. 

AcK aniageously the patient is a mammal or vertehrate and is a hovine, human, c>vinc, 
equine, capi*ine, Le|X)rine, feline i)r canine vertehrate. Advantageously the vertehrate is a 
hovine, human, ovine, equine, caprine. Leporine, domestic fowl, feline or canine vertebrate. 

Typically the reagent is formulated as a pharmaceutically acceptable composition or a 
veterinarily acceptable composition depending on tis intended use. 

More typically, the mammal is a human and the composition is a pharmaceutically 
accepial>le composition which includes at least one pliarmaceutically acceptable carrier, 
adjuvant and/or excipient. 

Where, the mammal is an animal llie composition is generally veterinarily acceptable 
composition which includes at least one veterinarily acceptable carrier, adjuvant and/or 
excipient. 

For parenteral administration, the ivageni of the first embodiment may be prepared in 
sterile aqueous or oleaginous sc^lution or suspetision. Suitable non-toxic parenterally 
acceptable diluents ov solvents include water. Ringer's solution, isotonic salt solution, 1,3- 
butanediol. ethanol, prc^pylene glycol or polyetliylene glycols in mixtures with water. 
Aqueous sc^lutions or suspensions may further comprise one or more buffering agents. 
Suitable buffering agents include scxtium acetate, sodium citrate, sodium borate or sodium 
tartrate, for ex;uuple. 

The dosiige form of the reagent composition will comprise typically from 0.001 % to 
10% by weight of the reagent of the ilrst embodiment. Usually, dosage forms according to 
the invention- will ctmiprisc from 0.1% to about 5% by weight of the reagent of the tlrst 
embodiment. 

Compositions of the invention may be prcjiared by means known in the art for the 
preparatic^n of compositions (such as in the art of preparing veterinary and pharmaceutical 
comi')osi lions) including blendiui:, grinding, homogenising, suspending, dissolving, 
emulsifying, dispersing anil mixing o\ the reagent ol* the Ilrst embodiment logetlier with the 
appropriate cxciiMcni(s). carricr(s). adju\ant(s) and/or dilucnt(s). 



ift^/Au 97/ 00467 

10 

In inclluuls (il llic iiUL'tuioiK iIk* iv;ti.n*iu coinpt^siiions may he ;\ciininisu*ivil orally or 
[larcnicrally. o.i^. i>v ini(.vl!t*n and hy inna aru-riai inlusion. rcvtally or hy inhalalion spray. 

A suitable nKihotl may ci>mprise ihe atlminisiralion of a single tU>sc or nuillipic 
(loses. If more than one ivpe of reaiieni is in\oK\d in a melhod o\ the invenlit>n (e.g. there 
may he nuilliple reagents w ith clilTereni (!eteelai>le markers) the reagents can he administered at 
the s;nne time or at dilTerent limes (inehuling secjuentially). 

The administered dosage ol' the reayeni(s) ean vary and de|vnds on several factors, 
sucii as tile coniliiit>n. age and si/e of the j)atieni as well as the nature of llie macromoleculo 
and the elTeetiveness of the hintling of the reagent to form the macromolecule: reagent 
complex. Dosages or reagent will typically range iVom ().()(K)lmg to 2(K) mg per kg. Usually, 
the dose of the reagent will he from O.OOlmg to lOmg per kg ofbtxly weight. 

For oral administration, the pharmaceutical or veterinary com|X\sition may be in the 
tbrm of tablets, lo/.enges. pills, troches, capsules, elixirs, powders, including lyophilised 
powders, si^lutions, granules, suspensions, emulsions, syrups and tinctures. Siow-release, or 
delayed-release. forms may alsi> be prcparcil. for cxamj^le in the tbrm o\' coated {^articles, 
multi-layer tablets or microgranules. 

For parenteral administnnion. the rcagcni(s) may be prepared in sterile aqueous or 
oleauinous solution or suspension. .Suitable non-u^\ic parenterally acceptable diluents or 
solvents include water, dinger's soluiiiMV isiMt>nic salt .solution, 5% dextro.se in water, 
buffered sodium or ammonium acetate solution. I ..Vlniianediol, eihanol, propylene glycol or 
polyethylene glvct^ls in mixtures with water. ;\tiuc(nis scMutions or suspensions may further 
comprise one or mi>re bultcring agents. Suitable buffering agents include .sodium acetate, 
sodium ciinite. sodium Ixwate or Mulium tartrate, tor example. Aqueous .solutions for 
parenteral administration are also suitable for atlminisiration orally or by inhalation. 

.Suitably, an inhalation spray comjirising an reagent(s) of the first embcxliment will be 
in the form of a solutitm. susjvnsion or emulsion as exemplified above. The inhalation spray 
composition may further con^prlse an inhalabic iiropeilant of low toxicity. Suitable proi^ellants 
include carbon ilioxidc or niirous t>xidc. 

Compositions of the invention may be j^repared hy means kninvn in the art for the 
preparation of pharm;\ceuiical compositions including blending, grinding, homogenising, 
susjXinding. dissi^lving. emulsifying, dispersing and mixing of the comjxiund of tormula (I) 
together w iih the st^'kctctl cxcipicnt(,sj. carricr(s). adiuvant(s) and/or tlilucnt(s). 

F.xamplcs (»l (U»sage U»rms in accoalance with the invention are as hallows: 
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l<c;tL'(.'nUsl oI iIk' tlisl onilu x ii iik im 0.01 \n 20 mi:, ^ciKMally 0. I lo lOin^ 

I\>l;tssiiiin chioritiL* 3 ing 

Calcium chloride 4.S iiig 

\V;ttcr lor injcclion. cj.s. to 10 ml 

Illiislnitive o\ typically usee! piiarmacciilically or wierinarily acccptal^lc carriers or 
(liluenis are cieminerali/ed or dislilted water; isotonic saline solution. Typically, the carrier or 
carriers will Ibrm from 90% to 09.0% by wvi^lii ot'ihe composition. 

Suitable bulTcring airenis include saMs of b(M'ic. acetic, phosphoric, citric, malic, 
succinic acids and ihe like, I'or example sodium citrate, sodium bicarbonate, sodium acetate 
and sodium phosphate. Additionally or alternati\ely. the free acids may be used, together 
with an alkali such as sodium hydroxide. so<lium carbonate, stxiium bicarbonate, potassium 
hydroxide, potassium carbonate or potassium iMcarbonate. Typically, liie bulYering ageitt or 
agents will form from 0. 1 % to 20% by weight ol'ihe ci>mposition. 

The following expressions are used in in ilie Examples. 
^)Fiillei1a^^\ (Registered Tradeniark) A nanoc(>lloid suspension (in saline or distilled 
water) of nano-encapsulaies u hich are 2-10 atomic layers of carbon enclosing technetium 
crystal such that it forms a stable inert hydri^phobic or hvdrophyllic particle whose overall 
dimension is between about 5 and about .M)nm in cross-section and about 3nm thick. 
b)Thrffinh(t'fy(nc: rn/fcriir^ with siirlaciani. In the F-xam]-)les, the surfactant is Cj^EO^ 

Ki iiT Descriplioii oi the Drawings 

Figure 1 is an auioradiograph ot a fibrin clot in accordance with Example 12; 
Figure 2 is a schematic rcprcscniaiion of the artitlcial circuit described in Example 

13; 

Figme 3 shows the accumulaiii»n of radioactivity in tiie intramural clot in the 
artificial circini of F.xampic 13; 

Figure 4 shows the transmission electron micrography described in Example 14; 

Figure shows imaging t>l*cUus in a rabbit ear vein described in Example 17; 

Figure b shows a. clot caused by intramuscular injection of anaesthetic described in 
Example IS; 

Figure 7 show s the imaging ot" a clot in a cat femoral vein described in Example 19; 
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I ii:mv X shi>\\s imaiiini! ;i ^Un in nihhii puinu>n;»ry v;iseulatuiv tlcscribc'd in 
l-Ainnpk- :(): 

l-i*Mnv ^) shows iIk' ;iiiti>r;Klii>i:r;ipli y ol ntbhit luniks wilh pulmonary emholi also 
tlcscrihcii in I'xaniplc 21; 

i'iiiuiv 10 shows Ihc lahcllinij, ol a small lumour in liic car of \hc rahhil as tk'ScrilKHl 
in Example 23; aiul 

rijiurc 10 shows nano-oncapsulaics wiili colloiilal goltl. 

lU'St MtKlt'S and Olhi r Mcidts For Can yin*; the Invciilioii 

It is envisaged lliat the binding of nano-encapsnlaies ean be used \'ov: 
' a) imaging of clois in blood vessels in patients wilh deep vein thrombosis (DVT), 
patients with atheromatous occlusions in tlie vaseidature nnd embolisms; 

b) the development of target specific drugs lor tlie dissohition of blood clots; 

c) the use of technology to develop a beilside measurement of nbrin(ogen) st^luble 
tlbrin; 

d) the detection oi* early luniours; and 

e) research tools ti) study clots and diseases like atherosclerosis. 

The meciianism for formation of Carbon nano-encapsulates depends on a co- 
condensation of the native metal crystals with the C3 gas that is present above carbon at 
high teniperalures. The reaction is carried cnit in an inert gas atmosphere, typically 
argon. Thus, the fmal nano-encapsulaied sized of the particles can be modified by 
varying the rate and duration of the healing cycle. At present, repeat short pulses of heat 
for 2.7sec to temperatures as high as 2700 C will shrink-wrap particles that go to the 
lower limit of resolution of electron micn)scopes namely 5nm. Pyrolytic or glassy-carbon 
provides a bcWcr yield of activity of Tc from the crucible than the more porous standard 
graphite. This appears t(^ be due t(^ the m^n-absorption of the ions into the graphite 
matrix. Four lots of 2.7sec heating- j^ulses to 2700'^C in pyrolytic or glassy-carbon gives 
rise to a much smaller spectrum of particle size distribution than the original heating cycle 
of 2500"(' for 15sec. The carbon nano-cncapsulalcs were precipitated on an electrode 
using a preci|>ilator as descrilied in Australian Patent Application No. .^1778/95 and 
formulated in saline. The reagent composition may be then injected into a patient and 
tietected in vivo so as locate fibrin deposits. 

Typically the starling material is Tc-OOm as standard sodium perlechnelale for injection. 
The Micro-Aerosol Cienerator (MACicn - USA name ). or carbob nano-encapsuiate 
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*icncr;iU>r is csscntiiill y it iuiiii;miiv hii^li lL-in|K-r;itmv hiriKicc in whicli tiic lK*;ainL: clement 
is also iIk' snuive nf i:r:iplulL- ;nui/t)r LMrlum \;i|>oiir w hicli ullinKdcly coals the 'IVclinct iuni 
nicMal. The hciUin^i: etcnicnl is tn;ulc iVoni 100% puiv spcclrosct>pic jiraphilc whose 
eleeirieal anil nieehanieal speeitiealions iiialeh the ret|uirmenls ot the macliine. It is a 
6nini square section rtul SOnim inachineti to torni a crucible in the centre section 

such that it can ht>UI a li(.|uiil vohune of 0.14nil.. This hi>llo\ve(l and thinned section also 
provides the hiyh resistive portion of the rod which l^ecomcs the hottest section when 
electric current is passed ihroui^h it. The rod is held under spring tensii^n between two 
hiiih current electrodes. The entire assemlilv is mounted as a drawer section slitling into 
the lower chamlxM* of a 6L vessel, and electrically powered from an automatic process- 
controller. The crucible is Insl filled with liciuid Sodium Pertechnetate in normal 
physiological saline, which in most instances contains enough activity [ 260-370MRci or 
7-l()mCi ] for a single patient administration, Tiie drawer section is then closed and the 
automatic ]')rocess lakes over, gently [blowing pure argon gas over the top ot the crucible 
while warming it to 7()'C. This is known as the "simmer" cycle, and takes 6 minutes, 
during which lime the licjuid in the crucible dries out and the whole chamber is purged 
with pure argt)n, replacing all the original air and water vapour. A process controller 
alerts the user that the machine is ready to produce carbon nano-encapsulates. Traces ot 
oxygen as low as 0,1% may be included up lo v/v. At the conclusion of this 
preparation phase, the machine is activated via the control panel - "start" button, and the 
crucible temperature rises to 25>{)"C by resisiively iieating it wMth about 4.5kW of power 
within ().75s (four lots of 2.7sec heating pulses to 27()(rC in pyrolylic or glassy-carbon 
gives rise to a much smaller spectruni of particle size distribution than the original heating 
cycle of 25^>()"C for 15sec) and holds that value within 5(rC for l.^s through a feedback 
servo from an optical sensor before switching off. This tills the 6L chamber with gas 
comprising carbi>n nano-encapsulates which encapsulate Tc-99m. The nano-encapsidate 
entities/particles are collected by passing the gas stream containing the entities/particles, 
through a chimiber, the gas stream including an inert gas and air; passing the gas stream 
past an ion source within the chamber lo charge the particles; attracting ihe particles to an 
electrode by establishing an electrical potential between the ion source and the electrode. 
The entiles/particles are then removed from the electrode and t'ormulaied with a carrier as 
rec|uircd. The iMVscni invention will now be described with reference to the following 
examples which should not be ct>nstrucd as limiting on the scope thereof. 
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Carbon n;(iU)-ciK';ipsul;iK*s uviv piL-pinvd in acc<M-(l;nK*c wiih ihc nKMhods dI" 
Auslralian Palcni No. .^S*^) S7S cxccpi iIk- yraphiic crucihic was siibjecied \o tour lots of 
2.7scc hcalinii pulses lo 2700 C in pyrolytic ov glassy-carbon, in order lo iiriulucc nano- 
cncapsulales ct>n^prising carbtni \\vM uill i^iml U) a maeromolcculc such as, for example, 
fibrin, die disclosure of Auslralian Paieni No. 5S0 S7S is hereby incorporated by 
reference. 

I.xainple 2 

Carbon nano-encapsulates were fornuilaled into normal saline by precipitating the 
carbon nano-encapsulates formed as per P.xample 1 using prtfcipilntion apparatus and 
methods of Australian Patent Application No. 3177X/S)5, the disclosure of which is hereby 
incorporated by rel'erence and then mixing the desired amount of the carbon nano- 
encapsulntes with normal saline. 

Kxaiuple 3 

Plasma was mixed with a small alicjuot of nano-encapsulates formulated into saline 
in accordance with Example 2 and cUnted with lU/mL thrombin. After incubation at 
room lemperatin-e for 1 hour the plasma clot was crushed using a wooden spatula. A 
gamma counter was used to count radioactivity. Radioactivity was contlned to the fibrin 
with less than 3% of the original activity resident in the exudate. 

Rxample 4 

A similar experiment using purilled ilbrinogen was i')erformed to exclude binding to 
other plasma proteins. Again it was shown that only <\bou\ 3% of the radioactivity was 
resident in the exudate. 

Roth these experiments show that these nano-encapsulates have specific binding 
capacity for fibrin. 

Rxample 5 

To ensure that such labelling coidd not lie transferred or leached from clots to whole 
blood or plasma, plasma clots were incubated in w'liole blood or plasma at 37'^C tor 3 
hoiu-s. The radioactivity was confined to the clot with very little escaping to the 
surrounding blood or pl;isin;i (0.7% i;ulio;Kli\ ii y In liliuul ;iiul pl;isin:i, ics|XVtivcly). 

I".\:inipli> (t 
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MnkilK'lk'cl pl.isnia cUus ;iiul lIoIs (k'wh Iroin piiri lied rihrinn^on sc^iiition in 
y.Liss lulu's ivs|V(. I i wlv wciv ^jciilly ivniuMlcd with ii;iiu)-cncii[^snlalcs lorimiLilocI into 
saline in accordance wiih lixamplc 2. The iniiial waslu)ul o\ scrum was devoid of 
radioacli\'iiy as expecied. l urlhcr incaMncincni slunwtl thai most o\ the nant>- 
encaj>sulales were specirically 1>i>imuI lo fiiirin. I hese cluls were remo\eti from the glass 
Uihes and cruslied and careUiily washed three limes in saline and counted in a gamma- 
counter. Rachcviciiviiy was ct>nrmed lo ihe clot and barely delectable in the exudale. 

I Aaiuple 7 

Tests of the elTicacy of the Hbrin label were performed /// \7\v;, using the rabbit, 
which is the standard model tor vascular research. This experiment was periormed on 
multiple occasions on difrereni animals. One ear was given a snntll needle slick injury 
and nano-encapsulates formulated into saline in accordance with Example 2 in ImL 
volimie was injecied in the other ear. The rabbit was anaesthetised for the whole 
procedure and laid on the detector smM'ace of a gamma camera (in this instance a GE 
model 40()T). In the second animal tiiere was a further small vascidar injury and bruise in 
the ear on the side of the injection. 

The injury on the ear opposite lo the injectii^n site showed an increased uptake on 
the "first pass" of the blood tlow through the body. In the second rabbit, the injury 
proximal to the injection site labelled much more strongly than that in the other ear, but 
then washed out over a period of twenty minutes. Dynamic analysis showed that the 
initial uptake and the wash-out followed by a i*enewed uptake slowly with time, occurred 
in both animals at about the same rale. 

Examples S-I6 and 22-25 relate lo /// vi/nf studies while Examples 17-21 relate to in 
vivo studies. 

Example 8 
Binciin^: ol* Thnf/fiha Trace An lihrin. 

I^'nt(»cul: Fibrin network developed from 1 mL pooled human plasma obtained 
from healthy donors (by adding llI/mL bovine thrombin(Parke Davis) and 25mMCaCl2 
(final conceniraiion)) was incubated with normal saline (NS) (4ml^) containing 
ThrofnhoTracc (11) (IOOmD at .^7'(' for 2 hours using an elliplical rotator. A mixture of 
normal saline and '//inftnlxtDunc witluuil clot was used as control. C\o\s were then 
cruslied wiih a wooden spatuhnn and coimtcd using a gamma counter. Nanocc^lloid 
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pivpaniltoii i>r ^^^^ IV-SI>2*^ ^ {;in!inu>ny siilphuk') used for hi»nc iinaiiing \\:is suuiicil ;ts a 
ctinlrol. 



Ri'Siihs: 



5{)\\ I NS + 77' (inilial cmini) 


lepni 


SOpI NS-l-'^'^ l"e-Sh2S3 
(initial ei>unt) 


.U>7S()()epm 


5(HiLl NS-f 77(|K)M- 
inciihaliiMi) 


S745()eptn 


(post-ineuhaiion) 


41fi()()0cpm 


50m I NS +7V +cU>i 
(posl-inciibalidn) 


72S70epm 


NS +'^''^rc-Sh2''>3 -^^^'^^t 
(posl-incuhation) 


4()87()()cpm 


Crushed c\o\ on spauiluin 
Afler extensive wash in NS 


47S72()epni 
4574.Vxpm 


Crushed eltM on spatulum 
alter washes in NS 
alter 6 washes in NS 


^:)43ncpm 

7790 

31S0 



Coiu'hision; There is a signif'ieani deerease o\ the hibel (17%) in the incubation 
mechum with ThromhoTrac which accounts \ov the iiigh count observed in the crushed 
fibrin clot. There is no signiricani changes in the activity of incubation tnedium with 
nanocolloid and there was no significant liindinii of ^"^^-^Tc-Sb^S to fibrin, alter 6 washes 
most o\ liie acti\'iiy washes auay. *l'his observation suggests a high specificity of 
ThronihoTnn (' tor fibrin. 

Il\ani|)le V 

In vest iiial *nm ol tlie slix-n*jth ul* lltronihtf'fracc hindiiig to ribriii. 

Pr<)1oc(»l: Ihranifunrai C i'/'H (50nl) was added to pooled plasma obtained from the 
blood ol' heahiiy dontus (5mL). fibrin networks were develoi^ed from 1 mL of this 
labelled phisma (In' adiMng llI/mL inc thiuml^in (I*arke Davis) and 25mMCaCl2 (final 
concentration)) and alli>\ved to incubate at 37 C lor 30 min. Clots were tlien crushed with 
wooden siKUuluni, extensively washed uilh m>rmal saline and ctninled using a gamma 
counter. NaniKc^lloid invjiaration o\ ''^'^^ rc-Sb2S (antimony sulphide) used lor bone 
imaiiiiii: was siudiet! as a coniii^l. 



Resiills: 



50pl phisma +77' (initial 


.^S7()()cpm 


50u 1 plasma 




!()()l95cpni 


count) 




Sb2Sji 










(initial count) 
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1 7 



50^1 cxivlk-tl scniin (iilUT 
clot cnislK'(l) 


U^Ot lepni 


expellee! senini (after 
elot enishei!) 


lOOSOOepm 


Crushed clol on spiUiiliim 


l()2h7()()epm 


( 'rushed elol on spatuluni 


36.S()cpm 


CntslKx! clot on sp;ilii!uin 
alter extensive wash in 
normal saline 


l()ll>S5(lepni 


( rushed elot sjiatuUun 
after extensive wash in 
normal saline 


ISOOepm 



Concliisinit: Fihrin elol retainetl 97% of the initial racliiutetiviiy of 77' solution 
whieh was tii:hilv bound. There \\'as no hindinii of nanocolloid 99Tc-Sb-iS:^ to fibrin. 



Ivxainple 10 

Sliidy of Ihe washout nl* i'Jiiofnho'lfacc Iroin elol. 

Protocol: ThroJiiho'I'mcc (77') (3()m1) \^'iis added to pooled plasma obtained from the 
blood of healthy donors (5mL). Fibrin netxM^rks were developed froni I niL of this 
labelled plasma (by adding lU/mL bovine tlirombin (Parke Davis) and 2^mMCaCl2 (final 
concentration)) and all(n\'ed to incubate at M"C hn 30 min. The clots were incubated 
37*'C for 3 hoiu's using an elliptical rotator uith 3mL unlabellecl whole blood or 3mL 
unlabelled plasma. The radioacii\'iiy tif incubation media was measured using a gamma 
counter. 



Results: 



30m I plasma -h 77' (itiitial count) 


5 8700c pm 


50[i\ blood incubated with labelled eliM 


3S0cpm 


50[i \ plasma iiuubated x^ ilh labellcil eloi 


45()cpm 


Crushed clot on si^.uulum 


1026700cpm 



Conclusion: rhnfmlun'run' was lighilv bound to fibrin, washout of label into 
surrounding bUnui or jilasnia uas less than I %. 



l~\au»[)le 1 I 

Stu(l\ (M the binding ol Th nntihal^riwv to lihrin under pcrliision. 

Protocol: l ibrin neiu'ork was developed in pre-elched glass tube from 1 mL 
inirified fibrinogen sohilion (2.5mg/mL) by adding lU/mL bovine thrombin (Parke 
Davis) and 25mM( a('l2 (tinal concentraticMi). The netw(>rk was gently jxMM'used .with 
L>ml, nt^rmai saline containing Ihrinif/ui'/'/tnc (77*) (5().iil). The radioactivity of exj^elled 
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|Vi*tuN;i!L* u;is nK-asmvil iisiiii.' lmiiimki ciuink-r. ( luis u\'iv then crushed willi a u(u»ik-n 
spaUiIum waslK'il in normal saline and eotniUil usini^ a yanima coimtcr. 
Rrsiihs: 



5()m1 NS + 77'(ini!ial conn!) 


475()()cpm 


50[\ \ e\|vlletl [vrt'usalc 


32()()epm 


Crushed cliM on spaUihnu wasiied wilh NS 


9s)l2()()cpin 



Conclusion: Aflcr the perfusion of normal saline containing ThronihoTracc through 
fibrin nelwiuk only 7% of initial radioactivity was lietecled in the perfusate wlule crushed 
clot retained considerahle radioactivity. This (M^servation indicates a high affinity of 
Throinlunnicc to purified fllirin. This experiment was repeated with plasma clots and 
similar results uere ohser\'ed. 

I'xampic 12 

Slu(l\ of llu' speciiic iiindioji (»!' I/tfunnlut'/racc \o ril)rin l)y aulora(lio<iraphy. 
Protocol: Fibrin network was developed in pre-etched glass tube from I mL 
purified fibrinogen solution (2.5mg/mi.) by adding lU/mL bovine thrombin (Parke 
Davis) and 2.SmMCaCl2 (final concentration). The network was gently perfused with 
I..SmL normal saline containing I'hronihoTnuc (TH (."^OmI)- The tube was 
autoradiographed wilh a gamma camera 

Conclusion: Clots layered with ThrnnihoTracr and autoradiographed with a gamma 
camera revealed extensive bintling of material within the first cm of perfusion of the clot. 

txaniple 13 

Study of the binding of ThrnmhoTiace to Hhrin in dynamic silualion usin;^ an 
ai'liricial circuit . 

!*rotoc(»l: The artificial circuit is an adaptation of the Chandler lamp attempting to 
simulate tlie vascular environment of the btxly. This experimental set up allows the 
monitoring of the imaging of clots wilh the control of the parameters of flow and 
pressure. 

Fibrin network was developed from pooled human plasma obtained from iiealthy donors 
(by adding IlI/mL bovine thrombin (Parke Davis) and 23mMCaCl2 (Tinal concentration)) 
in a speciallv designed glass cell with a depressed well to house the cl(M. 'I'his design 
simulated an intramural clot w iih its surface cxposeil to the llowing medium. The clot was 
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;i!U>\\cil U> iiKuhiilL- :il M (' tin* M) mm. 1 Ik* cell was ctmncLtctl \vitli silict>nc liihini: to 
ihc ciiviiil ciimpriscd t>1 a |vrislallic pmn|> aiul manoiiK'tcT (l'i;i.2). 

\ hc circuil was filled with SOml.. normal saliiK* containing 10% pooled human plasma and 
I mi. 77' (2m('i/mL). i lie eel! with eliM was lilted so that the circulation mixture was ntU 
allowed to accumulate on top of the clot ami was only trickling aU>ng the surface ol' the 
clot. A separate hanging clol was developed within a ku^p of copper wire and iniroduced 
into the circuit so that the total surl'ace o1' the ck>t was exposed lo the circulating media. 
Images were dynamically recorded using a gamma camera. Data acquisition lime was 30 
min. After that the circulation mixture was removed, the circuit was washed with normal 
saline and the image of the clot was acquired for another 10 minutes. 
Rt Mills: 

Fig. 3 shows the image of the clol alter 30 min of dynaniic labelling with ThromhoTrai C 
and at'ter the silicone luhes and the clot were washed with normal saline. The bright spot 
in the circuil above the clol is lhal of the hanging clol formed within a small copper wire 
loop and simulating small clois found in the btuly. 

Condnsion: It is obvious lhat both clots have been labelled with ThrofvhoTracc and 
show-' up clearly. 

Rxaiupic 14 

Study nf the hiiuliiig of ThrotnhoTrace tn fii^iiii using Transiuissinii FJectron 
Microscopy. 

Protocol: Fibrin nelwi>rks were developed from purified fibrinogen solution or 
plasma containing 77' (by adding lU/mL bcwine thrombin (Parke Davis) and 10mMCaCl2 
(final concentration)). They were primary fixed in 2.5% glulai-aldehyde and poslfixed in 
2% osmium le'troxide. They were then stained en block with 2% uranyl acetate, washed in 
distilled water, dehydrated and embedtkxl in Spurr resin. The samples were cut on a 
Reicherl-Jung Ultracul, stained with, Reinokf s lead ciirale stain and micrographs taken on 
Philips CM 10 TFM. Negative siained fibrin clots with 7T were prepared on carbon grids 
preliminarily treated with gknv- discharge. The grids were washed in distilled water, dried 
and siained in \% sodium phosphoiut^^slale. They were then brietly washed and dried. 
Subsecjuenily, micrographs. were taken on a Philips 3C)1 TEM. 

Uesidls and Coiichisiniis: l''ig.4 slu>ws transmission electron micrography which 
reveals particles adhering to I'ibrin along lihres and specifically bound to dark bands of 
negatively stained librin thus denoting a specific binding site for particles. 
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l\\;iin|)U' 15 

SIimIv ui* lilt* hiiidiiii: nl* lli ntmhtt'rntiv In lihriii iiionnlayiT usiii^ iirurnwi'tl 

of lM>vinc scrum alhiiinin (iiSA)/l*US, D-iliiUL-r. sululilc hhrin, fibrin. The cmKcninidon 
of proteins directly coalini: uclls was I ()ii*j/nil Il" proteins were raised iVoiii the surface 
hy usinii 41)2/1X2 nuumclonal antihtuly specific to fihrin(ogen) (AC.iILN) (iOMg/niL), the 
conceniralion proteins was lOOpg/niL. Wells were uashed 3 times with PBS/HSA 
buffer in between application of proteins or 77*. Plates were incubated with 77' at 37*^0 
for 30 min. IMates were washed witli PBS/HSA buffer and each well was counted using a 
gamma-counter. 



Kesulls: 



Protein 


% bintling of 77" compared to BSA-treated wells 


Fibrinogen 


3H 


Plasma + thrombin 


177 


D-dimer 


I) 


Fibrin 


170 


Soluble Fibrin 


189 



CoMclnsioiis: ThromhaTracc binds with high alTmily to fibrin monolayer and 
soluble fibrin. This affinity is not inlluenced by albumin or fibrinogen. In separate 
experiments it has been demonstrated that increasing ttie amount of t'ibrinogen does not 
inhibit the binding of 77' to fibrin. ThnnnhoTnu c does not bind to D-dimer or albumin. 

K\am|)le 16 

Study nf the elTcct of siirriictanl (CV>''-f*r>^ ^'^^^ hindiny of* ThromhoTrace lo 
fibrin. 

Prnlocol: The studies have been perl'ormed using mulliwel! technique (Example 
15). 77'solulion was prepared with different concentration t>f surfactant. 
Results: 



Concentration of the surl'actanl (%) 


'.-v. binding of IT compared to 0 
concentration of the surfactant 


O.OOLS 


140 


().()()3 


25X 
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().()( 


l')4 




1(,S 


().()2:i 


1 .V^ 


{).()5 


l.V) 



Cnm-liisions: l^iiuiini: is L-nluMKcd \\\\\\ (*if>*-()(v Mi»>^iiiial biiuiinii is nhsLMA'cd al the 
conccntnuitMi of 

'I'he /// vivo cxpcrinicnis ciL'scriiv'tl hcluw e'an iL'd mil on ralihils and a cat adhering \o 

standard anaesthetising procechnv aeei>rding to the guidelines pri>vided by ll^c Australian 
National Health and Medieal Researeh Ciouneil. All animals were injecied with 1 niL 
Thn>n[h(}Tracc (2mCi/nil.,). Acquisition time for all images was 60 min. 



I-'xampii' I 7 
Imnjiinj; (>r ch)1s in l abhil eai* voiiu 

Two needlestick injuries with 20Ci needles were made in the right ear and one in the 
contralateral ear. lliroiuhoTritcc was injected into the ear vein of the right ear. As shown 
in Figin*e 5 both rigiit ear and contralateral ear injuries have been labelled with 
ThronihoTnu'c. 

Ivxaiiiple 18 

Clot causefl by iiit laimiseular injection ul* anaesthetic. 

Fig 6 shows a clot caused by intramuscular injection of anaesthetic in the left thigh. 
ThranihaTracc was injected into the ear vein. This photograph is representative of 
imaging done lM)th one hour after the injection and 24 hours post injury. 

Kxaniple 19 
Imaging (»l cinl in cat fVninrai \ein. 

Needlestick injury was made in the femoral vein of a cat. ThroinhoTnicc was introduced 
near liie site of injury after one hour. The labelled c\o\ is clearly visible in the Figure 7. 
Further along the site of injury is a set o\ Unw bright sp(Ms. It is suspected that these were 
clots formed bv previous injury to the animal. It was not possible to conilrm this llnding. 

l*\anipU* 20 

Ini:i*^ini: ot ctiil in rabbit pnhnmiar> v;tscn hit n re. 
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22 



Human l>Uuut doi xsas titA antuiul a ciiUun ihivail in a polyuivilianc Uilv 
((!ianKicr = .^nnn) w'wU llf/nil. ihronihin and l()niM(\i(M2. After washin*: wiili noiinal 
saline a Imnvlcniiili cii>i was ininnlucLHl through a 16 or ISCi calhelcr into the Jugular vein 
i>r a ralM^il. Alier 10 ivvin rhnviihornn c was iniaulueecl llinniLih liie ealheler ih" ihrouyh 
the central ear artery. Tlie results are shown in Tiiiure S. Classic wedginii denotinii 
depletion of vascular supply was seen in all cases. 

I'lxainpte 21 

Aiiloraclin<ir;iphy of rahhit liin^s willi pulnKuiarv eml>oli. 

Lungs were removed from the rib cage and autoradiographed to match images of clots 
ohlained /// vivo. The introduced human clot uiih cotii^i thread was then identified in the 
lung on post nntrtem and civnTirmetl hy two other witnesses and agreed that images 
obtained dm-ing tlie /// vivn accjuisilion were in fact the introduced human blood clot. The 
results are siituvn in Figure 

ICxanipIe 22 
S|)ecil*kily nl' particles Ini' e(piiite lihrin. 

/// vifrn experiments using plasma clots deve!oi>ed tVom equine blood also shows similar 
specitlcity of ixu-licles tor equine t'ibrin. Studies utilised methods as described in Example 
9. No significant ditTerence uas I'ound between the binding characteristics of 7T to horse 
fibrin and liuman fibrin. 

l-\ample 23 

Biiuiin*; to luinours. 

Fi*^ UK shows the iabelliuL: (M* a small tumour on the ear of a rabi-^it. The 
experiment was perlormed as tlescribetl in F.xample 7. Studies sh(nv that tumours on 
rabbit ear can be labelled using Thnftnhn'rn/cc. and the carbon nano-encapsulates may 
thus be used in labelling tumours and cancers uhich have a fibrin sheath. 

Kxaniple 24 

Bone Scan. 

Bone breakages are followed by a deposition of Hbrin. In particular, hairline fractures are 
often difficult to distinguish and diagnose. The propensity of the carbon nano- 
encapsulaics lo bind to fibrin provitles another application as a label lor bone Iraclures 
and iherelore a Ironiline b(»nc scan. 
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r.\;iin|)li' 25 

Itiiuliiil* 1o stiliihk* I il)i ill. 

Higli alTinity iiiiuling o\ 'I'hniftiho'/'n/( r to soluble fihriii can be used as a hasis for a 
(liai^noslic lest I'or solul)le l'il>rin wliKh is ivjuxlLHlIy a marker \o\' eartliovaseular disease 
and eaiieer annuiL- »»i!u r disea-^es. ei.' l:iedl>aeka cf oL ( a cK: 1^)^>4 h). (iinsher^ al . 

(1995), (linsher^ ci al. (l^^KW. Iversen ci nL ( Nakagawa ci (iL (1994), Shaukal ci 

al. (1995). lixperitnenlal data sel out in l-xample 15 demonslraies the binding of 
ThntfiihoTnu c lo soluble fibrin. 

I\\ainp!e 26 
I)ia<inos1ic kit Ini* solid>U' rihi'iii. 

Soluble I'ibrin bt>und pariieles are isolated and a suitable moniKlonal antibody specific for 
soluble fibrin is attached to the soluble nbrin. An FJJSA assay is tlien developed to 
specifically detect the quantity of the solul^tle fibrin in j^lasma. 

Colloidal gold may be incorporated inio these particles in (^der to strengthen the 
integrity of particles and increase the mass, thus increasing the sensitivity of the 
immunogold assay. 

The affinity of the particles \o soluble fibrin can then be used lo detect the quantity 
of .soluble fibrin again by uiibsing the immunogold type technique. Altei-nalively , it may 
be possible thai the aggregation o\ particles caused when they bind to soluble fibrin may 
be used as ihe mcihod of detection as these ixuMicles may exhibit a subtle coloiu" change 
because of the aggregation or difference in light scattering. 

R\ani|)!e 27 

Target in<: Specific Dniiis. 

A novel use for the nano-|iariicles is the coupling of anticoagulant drugs or clot specific 
drugs to the carbon shell. This can be established by the functionalisation of the carbon 
by amination or hvtlroxylaiu>n. These procedures will be accomplished using a 
radiofreciuency plasma field. Once functionalised these i^ariicles will then be coupled to 
drug molecules using commercially available kits. In fact one anlic(xigu!anl already 
available is biotinylalcti hei^arin which can ihen be ciuipletl to the carbon shell. 

C\>upling u> a ihug is followed by stripwell tests to ensiu'c binding to fibrin is not 
disrupled. These icsis also show the effccii veness of these drugs when ImmukI to the 
carbon, riiesc coupled particles are then iniected into an animal. The first injections are 
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wilh r:uIio;Kli\ e U'chiiilimii hasol paiiiek-s whkh ciiahk-s lieU'Clion and furilKT deserilK'S 
the kinclies ilissolulion of \\w eUtls. If pailkk-s aiv ctniplcd widi tissue plasniinn^cn 
activator for cxanipic, this indicates a rapid dissc^htlion o\ the clot. If the particles are 
heparin coupled tliese experiments \\ ill provide ample evidence that the heparin is in lacl 
(lelixered to the site it is required. This is (hic major tlisadvanta^e oT heparin usay.e at the 
nu^ment. 

Iiuhisf rial Applieahilil y 

It should be clear that the melluHls i»r tieicclion of this invention will fnul 
wide use in the medical and veterinary fields. 

The forciiinn^ describes only some embodiments o\' the present invention .and 
modillcalions obvituis \o those skilled in the art can be made thereto without departing 
from the sci^pe of the invention. 

RdeiTnces 

Bredbacka cf (tl. Soluble fibrin: a predictor Tor the development and outcome of multiple 
organ failure. /I/// ./ //c///rm>/ 46:2<S9-204, 1004(a) 

Bredbacka et al. Bredbacka et ai. Soluble fibrin and D-dimer as detectors of 
hypercoagulability in patients with isolated brain iramna. ./ Ncurostir;^ Ancsthcsiol 6:75- 
82, 1994 (b) 

Ginsberg et al. Evaluation of a scMuble fibrin assay in patients with suspected deep vein 
thrombosis. Throinh flacfnosi 75(3): S3.^-S.Vx 1005 

Ginsbei-g el al. Evaluation of a soluble fibrin assay in patients with suspected pulmonary 
embolism. Thromh Hac/nns/ 75(4):55 1 -554, 1996 

Iversen et al. Si^luble Tibrin in plasma before and after sin-gery for benign and malignant 
colorectal disease, '////v;////? /?rv 79:47 1 -48 1 . 1095 

Nakagawa et al. IMasn^i levels of soluble tlbrin in patients with malignancy-associated 
disseminated intravascular coagulation. Hlnod Coai^nl nhri/utlysis 5:725-730, 1994 
Shaukat et ;fl. Soluble fibrin: a marker of the development of thrombosis in coronary 
heart disease. Thnnnh lldcnuKSf 73(6): 114 1 (022). 1005 
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( I.AIMS 

I . A rLML'L tU litt" in hiiK'Hini' in;n. runu»k\ iiIl*^. coniprisinL; ;i liLMccKihlc in;irkcr 
cnciij^siiliiU'd i>y ;i n;ino-ciK-;ipsiil;i!c ^'niiiy v miprisinu carhon. 

2. A iiKMlunl I'nr l;»hL*llini: ;» in;icronu>k'cuk' wwh a tlclccl;ii>Ic marker, wliich inolhtHl 
comprises coiUacling said inav.ri>inolL'cuk" w'wh rcagcnl tor use in lahelliny. 
macroniolcciilcs, ct>nijirisin^ a dclL'clal>lc marker cneapsulalcd by a nano-cncapsulate 
entity comprisinji earhon wherehy liie reagent hinds \o the macronmlecule \o form a 
reagent : maeromoleenle complex. 

3. Thi^ method of claim 2 riiriiier comprising detecting the reagent macromolecule 
complex by detecting the deiectal^le marker. 

4. A method Tor Libelling a biological macroniolecule in a patient, wliich mellunl 
comprises administering to the patient, an elTective amoiml of reagent for use in labelling 
macromolecules. comprising a tietectable marker encapsulated by a nano-encapsulate 
entity comi*)rising cai'bon. 

5. A method for delecting the presence of a macromolecule in a source, which 
method comprises contacting liie source with a reagent for use in labelling 
macromolecules, comprising a detectable marker encapsulated by a nano-encapsulate 
entity comprising carbon, said reagent being capable of forming a complex with said 
niacromolecule if present, and detecting for the presence or otherwise of a 
niacromolecule:reageni complex wherein presence of a macromolecule: reagent complex is 
indicative ihai the macromolecule is present in the source and absence of 
macromolecule: reagent comi')lex is indicative that tiie macromolecule is not present in the 
source. 

6. The reagent of claim I in the form of an injectable composition containing a 
suitable carrier. 

7. The reagent of claim 6 uherein the carrier is saline and the detectable label is 
present in an amount of less lhan l()()ng 

8. The reagent of claim 1 wherein the delectable marker is a marker detectable by 
radi(K*hemical lechni(|ues. ur by mai^nelic resonance imaging or by visual methods. 

9. The reagent of claim I wherein the deteclable marker is a radionuclide selected from 
the group conststmg ol In with a liall-lile ol 2.S days, Cia, Cia, Tc. 

10. The rcaL'cni of claim I wherein the detectable marker is a visually delectable 
marker. 
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11. TIk* iv;iL'i.'nt accoriiiiiL' In lIwiu 10. ulu'ivin \\w tlcloclablc iiKukcr is a visually 
tlL'kvlahic colKnii. 

12. The rL\p^L'iii t»r claim I I w hcivin iIk' tk-lcciahic marker is colloidal gold. 

1.1. The rea^jenl n\ elaiin 1 wherein ihe ileleelable marker is a mairnelie resonanee 
imaging marker. 

14. The reaiienl tU' claim 13 wherein ihe ileleelable marker is Gd. 

15. I'he methiul of any one o\ claims 2 u> wherein the reagent is in the form of an 
injectable comi^osiiitMi containing a suiiable carrier. 

16. 'I'he meiiKul of any i»ne o\ claims 2 to ,S wherein the detectable marker is a marker 
delectable by radiochemical iechnic|ues. or by magnetic resonance imaging or by visual 
methods. 

17. The method of any one of claims 2 to 5 wherein the detectable marker is a 
radionuclide .selected iVom the group consisting of **'ln with a half-lit'e of 2.8 days, 

Cia. Cia. and 1 c. 

18. The methiul of any one of claims 2 to 5 wherein the detectable marker is a magnetic 
resonance imaging marker. 

19. The method of any one of claims 2 to 5 wherein the detectable marker is a 
magnetic resonance imaging marker and is C.iil. 

20. The method of any one of claims 2 to 5 wherein the macromolecule is a protein. 

21. The method ol* aiiy one of claims 2 to wherein the macromolecule is Hbrin. 

22. The uKMhod of any one of claims 2 to 5 wherein the detectable marker is a visually 
detectable marker. 

23. The method of any one of claims 2 to 5, wherein the detectable marker is a visually 
detectable colloid. 

24. The method of any one of claims 2 to 5 wherein the detectable marker is colloidal 
gold. 
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AUS IK A( 1 

/\ iwiLiL'nl lor use in hihe-lliiiL' in;K-n>iuok\'uk*s. coinprisitii: ;i dc'lccUihlc ni;irkcr 
ciK'apsiihiU'il hv a naiu»-ciK*apsiil;tii.- ciUilv (.i MiiprisiuL! Larintn is disv^losctl . Also disclosed 
arc incliuHls ol" niakini: and iisini: the rcaucnt. 
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Ki^ 1 Specific iiiiulinii oT 1 Iin»niiii> Trace it) surliicc i)\ :\ clol as seen by 

auloiailiuLMapliy 
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Glass Cell with Clot Well 




Manometer 




Hanging Clot 



FIG. 2. Artificial Circuit 
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Fi}5.4. Transmission electron micrography of negatively stained fibrin with 

ThromhoTrace 
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Fiu. 5 Inuiiiinii ol" clots in rahhii car vein. 




Clot in a contralateral ear 
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Fi^. () InKiL^iuLi oi .i clvH it) nihliii caused hv imramuscular injcclion. 
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Fii^. 7 liiKiiiinii oi a clol in iho cai fcniorai vein. 
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H liiKiiiiii;.^ ufa cl{)\ in nibi^il piiliiionary \ asculalurc. 
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Fii» *>. .\inor:uiioiir:iphy i)l nihbii \im\is w wh pulmonan' omholi. 
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Fi<^ 10. Labelling ol'a small tumour on the ear of a rabbit. 
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